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(57) ABSTRACT

The present invention uses at least one amplitude bit to assist
the phase-sampling techmque used in digital recerver archi-
tectures. For digital receivers where the Intermediate Fre-
quency (IF) 1s an integer multiple of the fundamental fre-
quency 1,, the present invention provides reduced processing
complexity and reduced power consumption. The present
invention allows the digital receiver to avoid performing
coordinate rotation at high speeds, and replaces such a coor-
dinate rotation with a simple phase subtraction. This replace-
ment of the coordinate rotation allows the receiver to use a
less complicated design, and to consume less power as a
result.
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PHASE SAMPLING TECHNIQUES USING
AMPLITUDE BITS FOR DIGITAL
RECEIVERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of, and claims priority to,
U.S. Utility patent application Ser. No. 10/036,788, filed on

Dec. 21, 2001 now U.S. Pat. No. 7,113,552, entitled “Phase
Sampling Techmiques Using Amplitude Bits for Dagital
Receivers,” by mventors Charles P. Norman and Charles R.
Cahn, the entire application of which 1s incorporated by ret-
erence 1nto this application, and also claims priority to Pro-
visional Patent Application Ser. No. 60/257,663, filed on Dec.
21, 2000, entitled “Phase Sampling Techniques Using Ampli-
tude Bits for Digital Receivers,” by inventors Charles P. Nor-
man and Charles R. Cahn, the entire application of which 1s
incorporated by reference into this application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates 1n general to digital receivers,
and 1n particular to a method and apparatus for phase sam-
pling using amplitude bits for Global Positioning System
(GPS) recervers.

2. Description of the Related Art

Digital recervers are typically very complex devices that
locate weak signals 1n sometimes difficult signal acquisition
environments. Currently, federal government mandates for
and interest 1n producing digital recervers, specifically digital
GPS recervers, that are compatible with cellular telephones
stems from a new Federal Communications Commission
(FCC) requirement that cellular telephones be locatable
within 20 feet once an emergency call, such as a “911” call
(also referred to as Enhanced 911 or “E9117) 1s placed by a
given cellular telephone. Such position data assists police,
paramedics, and other law enforcement and public service
personnel, as well as other agencies that may need or have
legal rights to determine the cellular telephone’s position.
Further, GPS data can be used by the cellular user for direc-
tions, location of other locations that the cellular user 1s trying,
to locate, determination of relative location of the cellular
user to other landmarks, directions for the cellular user via
internet maps or other GPS mapping techniques, etc. Such
data can be of use for other than E911 calls, and would be very
usetul for cellular and PCS subscribers.

Typically, digital recervers use a phase-sampling technique
to detect zero crossings of the incoming signal, and attempt to
align or correlate these zero crossings with a local oscillator
or crystal. This allows the receiver to “lock”™ onto the recerved
signal and use the signal for tracking, position determination,
and other information. However, the use of phase information
alone makes the correlation between the incoming signal and
the reference signal difficult and more time-consuming,
which could leave an E911 caller in a dangerous situation
longer than necessary. Further, the typical phase-sampling
technique requires significant power consumption for
smaller, hand-held devices such as cellular telephones.

Further, digital receivers are sometimes used 1n environ-
ments where Continuous Wave (CW) jamming 1s occurring,
such as battlefields, congested signal areas such as airports,
ctc. CW jamming will degrade the recerver performance of
the digital recerver, sometimes to the point where the digital
receiver can no longer receive signals with any reliability.
This could be dangerous for E911 callers that were unfortu-

10

15

20

25

30

35

40

45

50

55

60

65

2

nate enough to be stranded 1n a location that 1s within a CW
jamming area, as well as being potentially deadly for soldiers
that are 1n a CW jamming area.

It can be seen, then, that there 1s a need 1n the art for a
method and apparatus for improved phase-sampling tech-
niques that can reduce the complexity of the digital receiver
circuitry. It can also be seen that there 1s a need 1n the art for
reducing the power consumption for phase-sampling and cor-
relating within the digital recerver. It can also be seen that
there 1s a need 1n the art for mtegrating GPS and cellular
devices 1n such a manner that reduces the time required to
obtain position information. It can also be seen that there 1s a
need in the art for a method and apparatus that can help
overcome CW jamming problems for digital receivers.

SUMMARY OF THE INVENTION

To minimize the limitations in the prior art, and to mini-
mize other limitations that will become apparent upon read-
ing and understanding the present specification, the present
invention discloses a method and an apparatus for phase
sampling using amplitude bits for Global Positioning System
(GPS) recervers. The phase sampling allows the digital
receiver to avoid complex multiplication and instead per-
forming a phase subtraction to derotate the phase of the
incoming signal.

A method 1n accordance with the present invention com-
prises downconverting the incoming signal to an Intermediate
Frequency (IF) signal, runming a counter at a higher fre-
quency than that of the IF signal, outputting a state of the
counter when the IF signal has a zero crossing, outputting a
state ol a magnitude of the IF signal when the IF signal has a
zero crossing; and extracting the phase of the IF signal from
the outputted state of the counter and the outputted state of the
magnitude.

It 1s an object of the present invention to provide a method
and an apparatus for improved phase-sampling techniques
that can reduce the complexity of the digital recerver circuitry.
It 1s a turther object of the present mvention to provide a
method and apparatus for reducing the power consumption
for phase-sampling and correlating within the digital receiver.
It 1s a turther object of the present mvention to provide a
method and an apparatus for integrating GPS and cellular
devices 1n such a manner that reduces the time required to
obtain position information. It 1s another object of the present
invention to provide a method and an apparatus that can help
overcome CW jamming problems for digital recervers.

Other systems, methods, features and advantages of the
invention will be or will become apparent to one with skill in
the art upon examination of the following figures and detailed
description. It 1s itended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the mmvention, and be
protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference
numbers represent corresponding parts throughout:

FIG. 1 illustrates a flow chart illustrating one embodiment
of steps that can be used 1n practicing the present invention.

FIG. 2 1s a block diagram of a system that may be used to
perform the steps 1n FIG. 1.

DETAILED DESCRIPTION

In the following description of the preferred embodiment,
reference 1s made to the accompanying drawings that form a
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part hereot, and in which 1s shown by way of illustration a
specific embodiment in which the invention may be practiced.
It 1s to be understood that other embodiments may be utilized
and structural changes may be made without departing from
the scope of the present invention.

Overview

The present invention uses at least one amplitude bit to
assist the phase-sampling technique used in digital recerver
architectures. Although described herein as applying to GPS
receivers, the present invention can be used with any digital
receiver that uses phase-sampling.

Phase-sampling 1n digital recervers typically samples zero
crossings at the Nyquist rate (1.e., the predetection band-
width) to extract the phase of a narrow band signal with
respect to an arbitrary reference. Such a technique 1s
described in “Digital Phase Sampling for Microcomputer
Implementation of Carrier Acquisition and Coherent Track-
ing”” by Cahn, which 1s incorporated by reference herein.

For some GPS receiver frequency plans, and other digital
receivers where the Intermediate Frequency (IF) 1s a small
integer multiple of the fundamental frequency {,, the present
invention provides reduced processing complexity and
reduced power consumption. The present invention works
well with larger integer multiples of the fundamental fre-
quency 1,, with less dramatic improvements. The present
invention allows the digital receiver to avoid performing
coordinate rotation at high speeds, and replaces such a coor-
dinate rotation with a simple phase subtraction. This replace-
ment of the coordinate rotation allows the receiver to use a
less complicated design, and to use lower power as a result.

The present invention, in essence, enables the Doppler
rotation performed 1n the digital recewver to be done by a
simple subtraction of the phase estimate and, thereby, can
simplily the implementation of a digital recerver. The simpli-
fication of the receiver circuitry reduces the time 1t takes the
receiver to perform the required tasks, and reduces the power
that the recerver consumes. However, typical phase sampling
techniques do not use any information about the magnitude of
the IF signal, whereas the present invention uses a quantized
magnitude (one bit=two magmtude levels), where the mag-
nitude can be quantized to one or more bits.

Further, with respectto CW jamming tolerance, the present
invention provides improved performance. The basic phase-
sampling technique without any magnitude quantization 1s
essentially equivalent to a bandpass hard limiter, which 1s
well known to cause a 6-dB degradation with CW jamming.
On the other hand, 2-bit quantization of the I and Q samples
1s expected to give a small enhancement against CW jam-
ming. Additional mnformation about digital receiver perior-
mance 1 CW jamming environments can be found in F.
Amoroso, “Adaptive A/D Converter to Suppress CW Interfer-
ence in DSPN Spread-Spectrum Communications,” 1EEE
Trans. on Comm., Vol. COM-31, October 1983, pp. 1117-

1123, which 1s 111eerperated by reference herein.

The Phase-Sampling Concept

The phase-sampling concept of the present invention
extracts the phase values from the zero-crossings of the band-
pass signal in the IF. A counter runs at a multiple M of the IF,
and zero crossing causes the state of this counter to be output.
I1 the outputted state 1s the integer J, the extracted phase of the
IF signal 1s ~2 lJ/M rad. The Doppler rotation subtracts the
estimated phase from the extracted phase, and a table lookup
of cosine and sine of the phase difference provides the 1n-
phase and quadrature components for digital correlation.
Biphase Correlation only has to be done once by shifting the
phase estimate by m. Typically, the estimated phase 1s quan-
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tized to a power of 2, also M 1s typically a power of 2, so
Biphase Correlation simply complements the MSB. Having a
fixed clock rate, the most recent extracted phase 1s the output
at each clock.

For an IF=4 {,, running the counter at 32 1, quantizes the
extracted phase to 8 sectors, or 3 bits. Two envelope levels
give a total o1 4 bits per output sample, where the output clock
rate 1s 2 1,. Running the counter at 64 1, would quantize the
extracted phase to 4 bits. Other combinations of IF and
counter speeds may be used without departing from the scope
ol the present invention.

Basic Simulation of the Phase-Sampling Technique

A basic simulation generates samples of the complex sig-
nal with a random phase plus Gaussian noise with unit vari-
ance, quantizes the noisy phase, defined by the tan™"(Q/I), to
3 bits and the envelope to 1 bit, subtracts the true phase, and
computes correlation by taking the cosine of the phase dii-
terence. A Monte Carlo evaluation of the mean and variance
ol the correlation determines that the correlation loss 1s about
0.6 dB, using the quantized envelope magnitudes 1 and 2 and
setting the envelope quantizing threshold to 1.5.

GPS System Simulation

A simulation of a GPS system implementing the present
invention was performed. Signals were generated at a com-
plex sampling rate of 32 {,. After the Butterworth IF filter in
the GPS recerver, the complex signal 1s phase rotated at the IF
frequency of 4 1,, which means phase rotation by 7/4 per
sample. The real part of the complex signal 1s the bandpass IF
signal, and a zero crossing 1s detected when a positive sample
follows a negative sample 1n the real IF signal.

As an 1mplementable approximation to quantizing the
actual envelope, the magnitude bit for each extracted phase
sample 1s set to 1 1f the absolute value of the real signal
exceeded a threshold at any time subsequent to the occurrence
of the previous zero crossing. The threshold is set to give the
same probability ot the higher magnitude as determined
above in the basic simulation; this is e="'-52=0.32. The two
envelope magnitudes are 1, 2.

The output sampling rate 1s 2 1,, and the oscillator 1s offset
by 80 KHz in the simulation. This means the chip rate 1s offset
by 80 KHz/1540=51.95 chips/sec. Theretore, the chip timing
in the recerved signal displaces at a slow uniform rate relative
to the output samples 1n the receiver (asynchronous sam-
pling). Also, the true carrier phase of the recerved signal 1s
rotating relative to the receiver’s IF.

The cosine lookup table for the digital correlation 1s quan-
tized to 16 phase sectors with the same amplitude quantiza-
tion as 1n the existing Doppler rotation.

Simulation Results

With a 4-pole Butterworth IF filter of bandpass=2 1, and an
output sampling rate of 2 1,, which 1s compatible with the
multiple correlators of existing GPS receiver architectures,
the output S/N of a system 1mplementing the present inven-
tion 1s measured to be 1.2 dB at C/N,=30dB-Hz fora 1-msec
coherent integration (punctual correlation over 1023 PN
chips). An 1deal system with no losses would yield output
S/N=3 dB, so the total system degradation 1s 1.8 dB, which
includes IF filtering loss, the loss of the phase-sampling tech-
nique, and the loss due to the asynchronous sampling. The
estimated timing of the PN replica and the estimated carrier
phase shift were empirically adjusted to maximize the punc-
tual correlation.

If the IF bandpass=4 1, but the output sampling rate 1s still
2 1, the output S/N=-1.5 dB {for the phase-sampling tech-
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nique. The greater degradation 1s due to the noise aliasing
caused by the wider IF bandpass.

For comparison, simulation of an existing GPS receiver
architecture with oversampling at the sampling rate of 16 1,
with quantization to 2 bits of I and 2 bats of QQ, decimation to
an output sampling rate of 2 1, with requantization to 2 bits,
and 4-bit Doppler rotation with requantization to 2 bits yields
an output S/N o1 0.45 dB using an IF bandpass of 6 MHz. As
can be seen, the present invention can improve the output S/N
of the recerver by approximately 1.35 dB.

CW Jamming,

An immportant performance area of concern with phase
sampling 1s the tolerance of CW jamming. The basic phase-
sampling technique without any magnitude quantization
causes a 6-dB degradation with CW jamming. The present
invention provides performance enhancement over the sys-
tems of the related art as shown 1n the simulations herein.

Magnitude Quantization with Phase Sampling

As described above, the magnitude of the phase 1s quan-
tized to the higher value i1 the instantaneous value of the IF
wavelorm exceeds a threshold during the time interval
between successive zero crossings. The quantized magnitude
multiplies the cosine or sine of the phase error obtained by
differencing the sampled phase and the carrier phase estimate
in the recerver. The cosine or sine value 1s obtained by a table
lookup. The two quantized magnitude values are related by a
factor of 2, and the magnitude-quantizing threshold 1s set to
give the probability of getting the higher magmitude equal to
approximately 0.32, found to be optimum for Gaussian noise.

Simulation Parameters for CW Jamming

For an IF of 4 1, where 1,=1.023 MHz, the GPS C/A code
chip rate, and the clock rate for the counter 1s 32 1, thereby
quantizing the phase sample to eight sectors per cycle, or 3
bits. Including the magnitude quantization, this 1s a total of 4
bits per sample. The sampling rate 1s two samples per C/A
code chip, and the 3-dB bandpass of the 4-pole Butterworth
IF filter 1s 2.046 MHz to match the phase-sampling rate.
There are 1023 chips per coherent integration (1 msec), but
the C/A code 1n the simulation 1s random rather than an actual
periodic GPS C/A code to eliminate artifacts of code period-
icity, such as greater degradation when the CW jamming
frequency falls directly on a code spectral line. The CW
jamming has a constant magnitude and a frequency slightly
offset from the IF center frequency. The simulation measures
the mean and standard deviation of the correlation when the
PN replica code and the phase estimate are adjusted to maxi-
mize the correlation. As typical in GPS receivers, the carrier
frequency of the GPS signal 1s slightly offset from the IF
center frequency by 80 KHz with a proportional offset of the
chip rate.

The magnitude-quantizing threshold 1s set with CW jam-
ming to give the same probability of getting the higher mag-
nitude as 1s optimum for Gaussian noise. A different threshold
setting can 1improve performance against CW jamming even
more than described herein.

Simulation Results

Typical GPS signals are recerved at C/N,=40 dB-Hz. The

output S/N 1s defined as the mean of coherent correlation
divided by the standard deviation, where the estimated phase
in the recerver 1s adjusted to maximize the correlation mean.
The J/S of the CW jamming 1s increased until the output S/N
approximately corresponds to the value expected at a much
lower C/N, 1n the absence of the CW jammuing. It 1s found that
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the output S/N=-0.8 dB at J/S=35 dB. Approximately the
same output S/N 1s obtained at C/N,=28 dB-Hz 1n the absence
of the CW jamming.

To assess the benefit of the present invention which incor-
porates one-bit quantization of magnitude with the phase-
sampling technique, the quantized magnitude 1n the simula-
tion was temporarily held constant. As already discussed, for
(Gaussian noise only 1n the absence of the CW jamming, the
required C/N, must increase by approximately 1 dB to main-
tain the same output S/N with a constant magnitude as with
the one-bit magnitude quantization. The benefit of the mag-
nitude quantization 1s more significant against CW jamming.
At C/N,=40 dB-Hz, the I/S to give the same output S/N with
the constant magnitude as with the one-bit magnitude quan-
tization decreased from 35 dB to 28 dB. Theretfore, the one-bit
quantization of magnitude 1s found to improve the tolerance
to CW jamming of the phase-sampling technique by 7 dB.

Comparison between the present mvention and a typical
GPS system was made by performing a simulation for a
system using 2-bit I and Q quadrature sampling at 16 {1,
decimated to two samples per C/A chip. Assuming the same
IF filter as the above and setting the probability of getting the
higher quantization level equal to 0.33 with 1:4 weighting of
the two quantization levels, it 1s found that the output S/N=-
0.9dB with C/N,=40 dB-Hz and 1/S=32 dB. Thus, the present
invention has a higher tolerance to CW jamming compared to
typical systems by a 3 dB margin.

Process Chart

FIG. 1 1llustrates a flow chart illustrating a first set of steps
that can be used to practice the present invention. FIG. 2 1s a
block diagram of a system that may be used to perform the
steps 1n FIG. 1. The system 1n FIG. 2 includes a mixer 202, a
zero-crossing detector 204, a M-bit counter 206, an analog-
to-digital converter (ADC) 208, an M-bit register 210 and a
phase detector 212.

Diagram 100 includes several steps 102-110 that 1llustrate
a irst embodiment of the present invention. Other steps can
be used within the scope of the present invention to achieve
the same results.

Block 102 1illustrates downconverting the mncoming signal
to an intermediate frequency (IF) signal. The mixer 202 1n the
system 1n FIG. 2 downconverts, or provides a means for
downconverting, the incoming signal, T, . to the intermediate
frequency, 1,-.

Block 104 illustrates running a counter at a higher fre-
quency than that of the intermediate frequency signal. The
M-bit counter 206 1n the system in FIG. 2 operates, or pro-
vides a means for running a counter at a higher frequency (1)
than the frequency of the intermediate frequency, 1.

Block 106 illustrates outputting a state of the counter when
the IF signal has a zero crossing. The M-bit register 210 1n the
system 1n FIG. 2 outputs, or provides a means for outwitting
a state of the counter when the IF signal has the zero crossing.
The zero-crossing detector 204 1n FIG. 2 detects the zero
crossing in the IF signal and signals the M-bit counter 206 to
output the state of the M-bit counter 206 to the M-bit register
210.

Block 108 outputting a state of a magnitude of the IF signal
when the IF signal has a zero crossing. The state of the
magnitude can be determined by using an accumulator 209, a
peak value detector 211, an analog-to-digital converter 208
(as shown 1n FIG. 2), or other methods or devices or other
means for determining the overall magnitude of the IF signal.

Block 110 illustrates extracting the phase of the IF signal
from the outputted state of the counter and the outputted state
of the magmitude. The phase detector 212 1n the system 1n
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FIG. 2 detects and extracts, or provides a means for extracting
a phase of the IF signal from the outputted state of the counter
and the outputted state of the magnitude.

Some alternatives to the steps shown 1n blocks 102-110 are
to hold a state of the counter when the IF signal has a zero
crossing, and hold a magnitude bit that1s setto 1 1f an absolute
value of the real signal exceeded a threshold prior to an
occurrence of a previous zero crossing. Further enhance-
ments to blocks 102-110 comprise applying the methods of
the present mvention to a Global Positioning System (GPS)
receiver, performing the phase extraction by subtracting an
estimated phase from the extracted phase of the IF signal,
running the counter at an integer multiple of the IF, determin-
ing the extracted phase using an equation, determining the
state of a magnitude using a digital state, and having that
digital state be at least two bits long.

CONCLUSION

In summary, the present invention provides methods and
apparatuses for quantizing the magnitude of the IF signal to
assist with the phase-sampling technique. This allows phase
subtraction to replace Doppler rotation 1n the digital recerver,
making the receiver less complex, allows the receiver to con-
sume less power, and provide equivalent or better perfor-
mance.

A method 1n accordance with the present invention com-
prises downconverting the incoming signal to an Intermediate
Frequency (IF) signal, runming a counter at a higher fre-
quency than that of the Intermediate Frequency (IF) signal,
outputting a state of the counter when the IF signal has a zero
crossing, outputting a state ol a magnitude of the IF signal
when the IF signal has a zero crossing; and extracting the
phase of the IF signal from the outputted state of the counter
and the outputted state of the magnitude.

Another method 1n accordance with the present invention
comprises downconverting the incoming signal to an Inter-
mediate Frequency (IF) signal, running a counter at a higher
frequency than that of the IF signal, holding a state of the
counter when the IF signal has a zero crossing, holding a
magnitude bit that 1s set to 1 11 an absolute value of the real
signal exceeded a threshold prior to an occurrence of a pre-
vious zero crossing, and extracting the phase of the IF signal
from the state of the counter and the state of the magnitude bat.

The phase-sampling technique of the present invention
gives good performance, comparable or even better than that
of the existing digital receiver and/or GPS recetver architec-
tures. Certain 1mplementations of the present invention
require that the IF bandpass be matched to the output sam-
pling rate. Because the real IF signal 1s examined for a zero
crossing at a relatively high sampling rate, the phase-sam-
pling technique of the present mnvention may be viewed as a
form of decimation to a lower output sampling rate. A poten-
t1al disadvantage 1s that a wide IF bandpass degrades perfor-
mance of the phase-sampling technique because of the noise
aliasing.

The one-bit quantization of magnitude used in conjunction
with the phase-sampling technique, as described by the
present invention, improves the tolerance to CW jamming by
7 dB. Furthermore, the phase-sampling techmque with the
one-bit quantization of magnitude of the present invention
enables tolerating 3 dB higher J/S than typical implementa-
tions that use 2-bit quantization of I and Q with decimation
and quantized phase rotation.
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Additional quantizations, e.g., two-bit quantizations,
three-bit quantizations, etc., 1n accordance with the present
invention can provide additional benefits over the simulations
shown herein.

In one embodiment, the present invention provides a com-
puter program storage medium. In one embodiment, the com-
puter program storage medium 1s readable by a computing
system and encodes a computer program of 1nstructions for
phase sampling mcoming signals 1n a digital recerver. In one
embodiment, the computer program comprises a first set of
instructions for downconverting the incoming signal to an
Intermediate Frequency IF signal; a second set of instructions
for running a counter at a higher frequency than the frequency
of the Intermediate Frequency (IF) signal; a third set of
instructions for outputting a state of the counter when the IF
signal has a zero crossing; a fourth set of instructions for
outputting the state ol a magnitude of the IF signal when the
IF signal has a zero crossing; and a fifth set of instructions for
extracting the phase of the IF signal from the outputted state
of the counter and the outputted state of the magnitude. In one
embodiment, the fourth set of instructions determines the
state of the magnitude using a digital state. In another
embodiment, the digital state 1s at least two bits long. In one
embodiment, the fifth set of instructions determines the
extracted phase using an equation. In yet another embodi-
ment, the fifth set of istructions performs the phase extrac-
tion by subtracting an estimated phase from the extracted
phase of the IF signal.

The foregoing description of the preferred embodiment of
the invention has been presented for the purposes of illustra-
tion and description. It 1s not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many modi-
fications and variations are possible in light of the above
teaching. It 1s intended that the scope of the invention not be
limited by this detailed description, but by the claims
appended hereto.

What 1s claimed 1s:

1. An apparatus for phase sampling an incoming signal in a
digital receiver, the apparatus comprising;

a downconverter configured to downconvert the incoming,

signal to an Intermediate Frequency (IF) signal;

a zero crossing detector configured to recerve the IF signal

and to detect a zero crossing;;

a counter 1n signal communication with the zero crossing

detector configured to run at a higher frequency than the
IF signal and to output a state of the counter when the
zero crossing detector detects a zero crossing;

an analog-to-digital converter (ADC) 1n signal communi-

cation with the zero crossing detector configured to
receive the IF signal and determine a state of the mag-
nitude of the IF signal when the zero crossing detector
detects a zero crossing; and

a phase detector 1n signal communication with zero cross-

ing detector and the ADC configured to extract a phase
of the IF signal from the outputted state of the counter
and the state of the magnitude of the IF signal deter-
mined by the ADC.

2. The apparatus of claim 1, wherein the digital receiver 1s
a Global Positioning System (GPS) recerver.

3. The apparatus of claim 2, wherein the phase extraction 1s
performed by subtracting an estimated phase from the
extracted phase of the IF signal.

4. The apparatus of claim 3, wherein the counter 1s running,
at a frequency that 1s an integer multiple of the IF.

5. The apparatus of claim 4, wherein the extracted phase of
the IF signal 1s given by:
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—2m]/M radians, where M 1s the integer multiple of the IF,

and I 1s the outputted state of the counter.

6. The apparatus of claim 5, wherein the state of the mag-
nitude of the IF signal 1s a digital state.

7. The apparatus of claim 6, wherein the digital state of the
magnitude 1s a least two bits.

8. A system for phase sampling an incoming signal 1 a
digital recerver, comprising:

means for downconverting the mncoming signal to an Inter-

mediate Frequency (IF) signal;

means for running a counter at a higher frequency than the

frequency of the Intermediate Frequency (IF) signal;
means for determining when the IF signal has a zero cross-
1g,

means for outputting a state of the counter when the IF

signal has the zero crossing;

means for determining a state of a magnitude of the IF

signal when the IF signal has the zero crossing;
means for outputting the state of a magnitude of the IF
signal when the IF signal has the zero crossing; and

means for extracting a phase of the IF signal from the
outputted state of the counter and the outputted state of
the magnitude.

9. The system of claim 8, wherein the digital recerver 1s a
Global Positioning System (GPS) receiver.

10. The system of claim 9, wherein the phase extraction 1s
performed by subtracting an estimated phase from the
extracted phase of the IF signal.

11. The system of claim 10, wherein the counter 1s running
at a frequency that 1s an 1integer multiple of the IF.

12. The system of claim 11, wherein the extracted phase of
the IF signal 1s given by:

—2m]/M radians, where M 1s the integer multiple of the IF,

and I 1s the outputted state of the counter.

13. The system of claim 12, wherein the state of the mag-
nitude of the IF signal 1s a digital state.
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14. The system of claim 13, wherein the digital state 1s at
least two bits.

15. The system of claim 14, wherein the means for deter-
mining the state of the magnitude includes an accumulator, a
peak value detector, and an ADC.

16. A computer program storage medium readable by a

computing system and encoding a computer program of
instructions for phase sampling incoming signals 1n a
digital recerver, the computer program comprising:

a first set of instructions for downconverting the incoming,
signal to an Intermediate Frequency IF signal;

a second set of instructions for running a counter at a higher
frequency than the frequency of the Intermediate Fre-
quency (IF) signal;

a third set of imstructions for outputting a state of the
counter when the IF signal has a zero crossing;

a fourth set of mnstructions for outputting the state of a
magnitude of the IF signal when the IF signal has a zero
crossing; and

a fifth set of mstructions for extracting the phase of the IF
signal from the outputted state of the counter and the
outputted state of the magnitude.

17. The computer program storage medium of claim 16,
wherein the fourth set of instructions determines the state of
the magnitude using a digital state.

18. The computer program storage medium of claim 17,
wherein the digital state 1s at least two bits long.

19. The computer program storage medium of claim 16,
wherein the fifth set of instructions determines the extracted
phase using an equation.

20. The computer program storage medium of claim 16,
wherein the fifth set of instructions performs the phase extrac-
tion by subtracting an estimated phase from the extracted
phase of the IF signal.

G ex x = e
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